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The response to the
slump te in a group of
female whiplash patients
This study was undertaken to assess the
difference between the response to the slump
test in 40 asymptomatic and 20 symptomatic
female subjectswith cervical pain afterwhiplash
injury. Areas and alterations of pain responses
during the test, and ranges of movement of
knee extension, were analysed. The results
demonstratedthattheaddition of knee extension
and left ankle dorsiflexion during the slump test
produced asignificant increase in the intensity
ofcomparable cervical symptoms in thewhiplash
group. Thewhiplash groupalso showed agreater
limitation in knee extension range of movement
during the test than did the control group. These
differences suggest that pathological changes
of the neural system itself or adjacent tissues,
affecting the mechanics of the neural system,
may be a contributing factor to these patients'
cervical symptoms.
[Yeung E. Jones M and Hall B: Response to the
slump test in a group of female whiplash
patients. Australian Journal of Physiotherapy
43: 245-252]
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ervical soft tissue whiplash injury
resulting from rear-end impact is
the most common injury from
motor vehicle accidents (Gebhard et al
1994). The severity of these injuries
depends upon the relative movements
of the head and neck on the torso, and
upon the forces of acceleration
involved (Ryan 1990). The mechanism
involves an acceleration force, causing
hyperextension followed by flexion of
the cervical spine. The inertial forces
imposed on the cervical spine during
this motion create excessive distortion
of the spinal components, leading to
damage of the posterior intervertebral
joints, intervertebral discs, ligaments,
blood vessels, muscles, neural tissues
and their associated connective tissue
coverings (Barnsley et al1994, Taylor
1994).
, The continuity of the central and
peripheral nervous system electrically,
chemically and through its connective
tissue coverings is well recognised
(Breig 1978, Butler 1991, Louis 1981,
Lundborg 1988, Sunderland 1974,
Troup 1986) and provides a basis for
understanding its tension transmission
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capability and vulnerability to damage
in a whiplash injury. "Neural system"
is used in this paper to collectively
refer to the central and peripheral
conducting neural tissues and their
associated connective tissue coverings
and supporting structures. The pons-
cord tract, consisting of the
mesencephalon, pons, medulla
oblongata, and spinal cord and
associated cranial (V-XII) and spinal
nerve roots, along with their respective
connective tissue coverings and
supporting structures, must plastically
adapt to changes in length and
curvature of the spinal canal (Breig
1978, Rossitti 1993). During spinal
movement, the neural system tissues in
the spinal canal undergo considerable
changes in length (Breig 1978, Rossitti
1993, Troup 1986). For example Louis
(1981), in his cadaveric study, showed
that the neural tissues accommodated
for the increase in spinal canal length
during flexion of up to 9cm, with canal
length increase being most
pronounced at the cervical spine. The
elasticity of the neural system,
including its connections to somatic
tissues, will determine the
physiological tension developed in
response to changes in length. VVhen
external forces exceed elastic limits as
occur in whiplash, injury results. Since
the spinal cord and peripheral nerves
are supported in their respective bony
and soft tissue containers (eg dentate
ligaments of the spinal canal and
peripheral nerve fixation points),
tension transmission through the
neural system and interfacing tissues
~
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may result in neural and/or non-neural
tissue stress/injury.
Yoganandan et al (1989), in their
descriptive study of whiplash injury,
reported that among survivors, the
lower cervical spine was most
frequently injured. During tI:e.
hyperextension phase of the mJury: the
inertial forces imposed on the cervJcal
spine create excessive distortion of the
spinal components with va11?ng
degrees of injury to the cervJcal nerve
roots, dorsal root ganglia, spinal cord
and meninges in some individuals
(McKenzie and Williams 1971, Taylor
1994, Yoganandan et al1989).
Following hyperextension, the neck is
forced into flexion. This uncontrolled
cervical flexion applies compressive
forces to the anterior elements and
tensile forces to the posterior elements
of the cervical spine (Barnsley et al
1994). Traction injury may occur to
the neural system within or outside the
spinal canal. For example, the lower
cervical nerve roots and lower cords of
the brachial plexus may be injured
directly through whiplash traction
forces (Taylor 1994) or lower cords of
the brachial plexus may be indirectly
irritated through reflex spasm of the
scalene muscles (Bogduk 190 4). Neural
system damage can also occur when
the spinal cord rapidly de~elerates ?y
striking a surface beyond Its postenor
elastic limit, such as an infolded
ligamentum flavum (Raynor and
Koplik 1985).
Neurodynamics, that is the
mechanical and related physiological
functions of the neural system
(Shacklock 1995), can be tested
following whiplash injury, via the
slump test, to evaluate the extensibility
and sensitivity of the neural system to
longitudinal movement. The slump
test consists of thoracic and lumbar
flexion with the patient in sitting.
Overpressure to trunk flexion is
applied, followed by the add~tion of
cervical flexion. Knee extension and
ankle dorsiflexion are then added to
further increase the tension along the
neural tract (Maitland 1980). While
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the neurodynamics of the slump test
have not been directly evaluated,
research on other neurodynamic tests
(Troup 1986) provides an
understanding of the tension
transmission capability of the test.
Passive neck flexion causes cephalad
displacement of the dura, spinal cord
and nerve roots (Breig 1978) and
tension is transmitted to the thoracic
and lumbosacral nerve roots (Breig and
Marions 1963). Breig and Troup
(1979) found that straight leg raising
caused tensioning of the sacral plexus,
a manoeuvre analogous to the knee
extension component of the slump test.
They also demonstrated that the
addition of ankle dorsiflexion at the
limit of straight leg raising increased
the nerve root tension via the tibial
nerve attachment.
The slump test has been shown to be
a reliable and reproducible
examination technique. Phillip et al
(1989) investigated the inter-examiner
reliability of the slump test of 12
physiotherapists in 93 patients and
found that the confidence interval
limits were from 0.81 to 0.97 using the
standard deviation ofKappa (K). The
results indicated that the slump test has
high inter-tester reliability.
Ifsymptoms can be changed by
adding or subtracting a distal
manoeuvre of the slump test, the test
response may be interpreted to be
related to pathological changes
affecting the mechanics of the neural
system. The pathological changes or
source of the symptoms may be the
neural system itself or adja~ent
interfacing tissues. In both mstances
increased neural tension produced
during the slump test would result in
reproduction and/or increase in the
symptoms and a reduction of the range
of knee extension and ankle
dorsiflexion. The aim of this study was
to investigate the hypothesis that post
whiplash injury subjects' symptoms
could be reproduced using the slump
test procedure and the whip.lash group
would have less knee extensIOn range
available in the slump position than a
matched control group.
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Method
Subjects
Sixty female subjects aged between 17
and 30 years participated in the study.
The control group comprised 40
subjects (mean age = 24.0 years? who
were asymptomatic. The expenmental
group comprised 20 subjects (mean age
= 25.3 years), all had been i~:olved i~ a
rear-end motor vehicle collIsIOn durmg
the past 12 months. Subjects were
excluded from the study if they had a
past history of symptoms implicating
nervous system involvement such as
long-standing or recurrent pain~ .
paraesthesia or abnormal sensation m
any parts of the body, any conditions
of central or peripheral nervous system
disease or any neuromuscular
disorders.
Subjects in the whiplash group were
included if they were driving the car at
the time of injury and the injury was
one resulting from rear end collision.
They were excluded if they had been
involved in more than one motor
vehicle accident or if they had required
surgery or immobilisation at the time
of the injury. In an attempt to select a
homogenous group, subjects who were
currently suffering headache,
concentration and memory
disturbance, visual disturbance,
dizziness, arm symptoms and/or
paraesthesia as a result of the injury in
the motor vehicle accident were
excluded.
Instrumentation
The measuring equipment designed at
the University of South Australia was
used (Figure 1). The instrument
consisted of a baseboard with an
adjustable back stop positioned
centrally and perpendicular to tI:e base.
This allowed adjustment accordmg to
the size of the subject so that the
sacrum was in a vertical position and
the hips at 90 degrees flexion. A Velcro
strap threaded through slots in the
backstop was used to secure the
subject. The thigh stops were set
perpendicular to the base. A
goniometer assembly was attached on
the lateral aspect of each thigh stop for
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FigLlre 1. Slump test measuring equipment. Figure 2. Slumped sitting \/llith cervical flexiol"i, pll!ls overpressam~
ph.iS knee extension amI ankle dorsiflexion.
measuring the range of knee extension.
In the action of knee extension, the
connecting pin projecting from the top
of each leg rod moved the indicator
needle of the goniometer, thus
providing the reading of the range of
movement.
Reliability studies
To assess the reliability and
repeatability of the measurements used
in the study, inter- and intra-examiner
studies were undertaken. Twelve
paired observations of knee extension
range of movement were recorded by
two examiners. The correlation
coefficient r = 0.854 was considered
acceptable. Paired t-test analysis was
then used to detect any systematic
error, and it revealed no significant
difference between the recordings
made (to I) = 0.353,p > 0.05).
Intra-examiner reliability tests were
performed as in the inter-examiner
reliability procedure and the twelve
paired observations were taken on
three separate occasions. The
correlation coefficient calculated was
0.940 and the t-test analysis
demonstrated no significant difference
between the measurements recorded
(t(lI) = 0.406, P> 0.05).
Procedure
A: Questionnaire
A questionnaire was used to establish
suitability for inclusion in the study. If
accepted, the subject was given an
information sheet and formal consent
requested. The subject was then asked
questions including their age, the
distribution and the duration of neck
symptoms.
B: Preparation of subjects
Standardised verbal instructions were
given by the examiner to explain the
test to the subject. The subject was
shown a numbered body chart and told
that they would be asked to identify
the areas where a sensory response
(pain, stretch or discomfort) was felt.
The subject was also asked to report
whether the response perceived during
the test was the same, increased or
decreased. The use of a tape recorder
was employed to record the subject's
response during the test procedure.
The subject was suitably undressed.
Each subject was asked to sit well back
on the baseboard until the back of the
knees were against the front of the
board. With the subject sitting up
straight, the backstop was pushed
firmly to fix the sacrum in the vertical
position. A Velcro strap was applied
around the pelvis at the anterior
superior iliac spine (ASIS) level and
secured firmly. The subject was then
asked to bend forward, ensuring that
the pelvis was stabilised, thus
preventing hip flexion.
The thigh stops were applied firmly
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in line with the ASIS. The lateral
femoral condyles were palpated and
were aligned with the axis of the
goniometers. The two leg rods were
applied in contact with the anterior
aspect of the tibiae. To ensure that the
horizontal rods were just resting on the
subject's legs, subjects were asked to
bend their knees further while
ensuring that the rods did not move.
The goniometers were then calibrated
to zero. This position was considered
as the zero starting position.
c: Test procedure
The procedure was divided into seven
components:
(1): The subject was asked to put their
hands behind their back and to
slump through thoracic and
lumbar flexion, while the examiner
held the subject's head and neck in
neutral. Overpressure was applied
to bow the thoracic and lumbar
curve and the area of response was
noted.
(2): The subject was then asked to
bring their chin towards their
chest to the point of maximum
discomfort tolerable and any
production of symptoms was
recorded.
(3): While maintaining the above
position, the subject was asked to
extend the left knee as far as
tolerable. The range of movement
and the area and intensity of
response were recorded.
(4): The subject was then asked to
slowly dorsiflex the left ankle. The
area and intensity of any reported
responses were recorded (Figure
2).
(5): The subject was asked to maintain
the leg position while the examiner
released neck flexion and then
asked the subject to lift their head.
Any change in area and intensity of
responses were recorded. The
subject was asked to further extend
the knee and then the ankle.
(6): The subject then relaxed the left
leg and while maintaining
procedure (1) and (2), the same
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procedures (3) to (5) were repeated
on the right leg.
(7): After completion of the slump test,
the subject was asked to sit upright
and any residual symptoms were
recorded.
Data analysis
Data analysis was carried out using the
SPSSX statistical software (SPSS Inc.
1990). Comparisons between the
change in the response in pain during
the slump test in the two groups were
analysed with Chi-square (x2) test. The
Fisher's exact test was used to analyse
the change in response to pain with the
release of cervical flexion. Unpaired
t-tests were performed to determine
whether differences existed in the
range of knee extension between the
two groups. Significance was set at
a = 0.05. Analysis of covariance was
then used to test for significant
differences in knee extension after the
release of cervical flexion while taking
into account the knee extension in full
slump before release of cervical flexion.
Results
The distribution and alteration
in intensity of response to the
slump test
All 20 whiplash subjects complained of
cervical pain during the initial
questioning regarding symptoms and
reported a reproduction of their
cervical pain at some stage of the
slump test procedure.
Stage 1: Slumped sitting position
with overpressure
In Stage 1 of the test procedure, two
subjects (5 per cent) of the control
group as compared with 12 subjects (60
per cent) of the whiplash group
reported a pain response (x2(1)= 22.50,
P< 0.05). Of these 12 subjects in the
whiplash group, eight experienced
mid-thoracic pain and four reported
cervical pain comparable with the area
in which they reported their neck pain.
Stage 2: Slumped sitting position
with cervical flexion and
overpressure
With the addition of cervical flexion to
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the slumped position, 10 subjects in
the control group (25 per cent)
reported no pain, while 26 (65 per
cent) reported a single area of pain and
four (10 per cent) perceived two areas
of pain. The majority of the whiplash
group (90 per cent) experienced
multiple pain areas and reproduction
of cervical pain comparable with the
area in which they reported their neck
pain. The predominant response
perceived by the subjects was in the
mid-thoracic region, 23 subjects (57.5
per cent) in the control group and 15
(75 per cent) in the whiplash group.
Other areas included the lower
thoracic and the lumbar region. There
was no significant difference between
the two groups (x2(J) = 1.083, P> 0.05)
in the frequency ot response in the
mid-thoracic region with the addition
of cervical flexion. When the alteration
of pain response was taken into
consideration, of the eight subjects in
the whiplash group who reported mid-
thoracic region in Stage 1, six noted an
increase in intensity of response with
the addition of cervical flexion.
Stage 3: Slumped sitting position
with cervical flexion and
overpressure, with the addition of
knee extension
The main distribution of pain response
reported in both groups during this
stage remained in the mid-thoracic
area and the posterior thigh!
hamstrings region. There was no
significant difference between groups
in the incidence of mid-thoracic pain
on knee extension (left knee extension,
X2(!) = 0.223, P> 0.05; right knee
extension, X2(!) = 0.060, P> 0.05).
However, it was noted that the
reported incidence of posterior thigh!
hamstrings pain was significantly lower
in the whiplash group (left knee
extension), ~2(1)= p.803,p < 0.05; right
knee extenslOn, X 0) = 20.582, P< 0.05).
All 20 subjects in the whiplash group
reported an increase in the intensity of
pain in the cervical region on the
addition of both left and right knee
extension. However only three subjects
in the control group reported this
increase on left knee extension and one
on right knee extension.
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Table 1. Analysis of the range of knee extension in fuU
slump position.
Group n Left Right
[Mean (SD) degrees]
Control 40 74 (3.82) 74 (4.57)
VVhiplash 20 68 (3.30) 68 (4.60)
Table 2. Analysis of the range of knee extension after
release of cervical flexion.
Group n Left Right
[Mean (SD) degrees]
Control 40 77 (3.86) 74 (4.57)
VVhiplash 20 74 (4.61) 72 (5.26)
Stage 4: Slumped sitting with
cervical flexion, knee extension and
ankle dorsiflexion
The addition of ankle dorsiflexion
provoked pain in the mid-thoracic area
in 33 subjects (82.5 per cent) in the
control group and 17 subjects (85 per
cent) of the whiplash group, on left and
right ankle dorsiflexion. The
proportion of subjects reporting an
increase in intensity in response in the
mid-thoracic area was not significantly
different between the two groups (left
ankle dorsiflexion, X2 ) = 0.523,
P> 0.05; right ankle dorsiflexion,
X\l) =0.034, P> 0.05). Higher
percentages of posterior thigh!
hamstrings pain were reported by the
control group (80 per cent of subjects
on left ankle dorsiflexion and 92.5 per
cent on right ankle dorsiflexion) than
the whiplash group (40 per cent of
subjects on left ankle dorsiflexion
X\l)= 9.600,p < 0.05 and 55 per cent
on right ankle dorsiflexion
X2(1) = 14.249, P< 0.05). On the
addition of left ankle dorsiflexion to
knee extension, there was a
significantly greater increase in the
intensity of pain in the cervical region
reported in the whiplash group
compared with the control group (left
ankle dorsiflexion, X2(1) = 32.630,
P< 0.05. However, on the addition of
right ankle dorsiflexion to knee
extension there was no difference in
the increase in intensity of cervical
pain reported between the two groups
(x2(1) = 3.314, P> 0.05).
Stage 5: Release ofcervical flexion
The intensity of response to the test
was shown to be affected by the release
of cervical flexion. The Fisher's exact
test showed that the subjects in the
whiplash group are equally likely to
have a decrease in pain in the cervical
and posterior thigh!hamstrings areas as
the control group (cervical region,
p = 1.00; left posterior thigh!
hamstrings region, p = 0.381; right
posterior thigh!hamstrings region,
p = 0.059). However, there is some
evidence that the subjects in the
whiplash group have a greater
proportion of decrease in pain in the
mid-thoracic area than that of the
control group (left slump test,
p = 0.032; right slump test, p = 0.003).
Range of knee extension
The range of knee extension was
measured in two positions for each
subject: in the full slump position and
in the slump position following release
of neck flexion. Comparison of the
mean ranges of the two groups were
made.
(1) Knee extension in full slump
position
The results indicated that the
whiplash group had a greater
limitation in knee extension in this
position (left knee extension,
t(58) = 6.06, P< 0.05; right knee
extension, t(58) = 4.26, P< 0.05)
(Table 1).
(2) Knee extension in the full
slump position after the release
of cervical flexion
With the release of cervical
flexion, the knee extension range
of the whiplash group continued
to be significantly more restricted
(left knee extension, t(58) = 3.72,
P< 0.05; right knee extension,
t(58) = 4.26, P< 0.05) (Table 2).
As the knee extension range in full
slump position differed between the
two groups, analysis of covariance with
the knee extension in full slump value
as covariate was used to adjust for the
initial differences when analysing the
effect of releasing the neck. The
analysis indicated that there was no
significant difference in the mean
effect of releasing the neck flexion
between the two groups for either left
or right leg (left knee extension
difference, F(l58) = 0.543, P> 0.05; right
knee extension difference,
F(lS8) =0.547, P> 0.05). Both groups
showed an increase in the range of
knee extension after the release of
cervical flexion (Table 3).
Discussion
The results of the present study
demonstrated a difference in the area
of pain response to the slump test
between the control and the whiplash
group. The reproduction of cervical
symptoms in all 20 subjects of the
whiplash group with the addition of
three of the four distal components of
the slump test and the reduction in
knee extension range of movement in
the whiplash group support the
hypothesis of this study.
Mechanosensitive pathological changes
in the neural system are likely to be
involved in the production of
symptoms through a mechanism of
neurodynamic tension transmission to
neural and/or non-neural cervico-
thoracic structures.
During slumped sitting position with
overpressure, a higher percentage of
subjects in the whiplash group
reported a response. In this component
of the test, a flexion moment is
imparted on the thoracic and lumbar
-
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Table3. Analysis of the difference in the range of knee extension measured in two
different positions.
observing spinal cord movement at L3
relative to the L3 vertebra. Using two
sequences of movements, (1) cervical
flexion on a flexed hip/extended knee
and (2) hip flexion (with knee
extended) on a flexed cervical spine,
their findings suggested no points of
relative fixation existed at least to the
third lumbar level. Lew et al (1994, p.
2423) pointed out that the manner in
which flexion was achieved in the
cadavers used by Louis (1981) was not
described and added: "If the spine was
flexed from above and below
simultaneously, a point of apparent
fixation (near the fulcrum) may have
resulted". While anatomical and
postural differences between humans
and primates may limit extrapolation
of their findings, the potential
significance that the sequence in which
movements are applied may have for
neural system movement and tension
must be considered. The sequence of
movements used in the present study
involved simultaneous thoracic and
lumbar flexion followed by the
addition of neck flexion and then knee
extension and ankle dorsiflexion. It is
possible that combined thoracic and
lumbar flexion may have resulted in a
point of relative fixation or stress
concentration in mid thoracic neural
or non-neural soft tissues. Once
thoracic and lumbar neural system
slack had been taken up, the addition
of cervical flexion could be expected to
further increase the mid-thoracic
stress, thereby accounting for the
increased mid-thoracic symptoms
reported by the majority of both
groups.
The addition of knee extension to the
slump position has been shown to
produce a stretch or pain over the
Left Right
[Mean (SD) degrees]
posterior region of the extended knee
and the posterior thigh in
asymptomatic subjects (Butle~ 1991,.
Maitland 1980). Stretch or pam felt m
the mid-thoracic region has also been
reported as a normal response
(Maitland 1980). In this study, with the
addition of knee extension, the
majority of control and whipl~sh
subjects reported an onset or mcre~se
in mid-thoracic symptoms. All subJects
in the whiplash group reported an
increase in the intensity of response in
the cervical region, while significantly
fewer whiplash group subjects reported
posterior thigh symptoms.
Increased mid-thoracic symptoms in
both groups again suggest that this is a
normal response and therefore the
mechanism underlying this response is
likely to be normal as opposed to .
pathological. A proposed mechar:rsm
underlying the normal response m the
slump test (particularly the increase in
mid-thoracic and posterior leg
symptoms with knee extension and
ankle dorsiflexion followed by a
decrease in symptoms and an increase
in range of distal movement available
on the release of neck flexion) has been
the tension transmission capacity of
neural system tissues (Breig 1978,
Butler and Gifford 1989, Maitland
1980, Rossitti 1993, Shacklock 1995).
With the addition of knee extension,
caudad tension via the sciatic nerve and
its nerve roots is added to the spinal
cord, already under cephalad directed
stretch (Breig and Troup 1979).
Recent research demonstrating fascial
continuity and fascial tension
transmission between the upper and
lower quarter (Vleeming et al 1995 and
Vleeming et al 1996) also necessitates
consideration of the fascia as a tissue
3.98 (2.83)
4.30 (3.63)
3.43 (3.82)
5.30 (4.29)
40
20
n
Control
Whiplash
Group
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spine while maintaining the head
upright. This effectively places.the low
cervical spine in relative extensIon.
The increased response in the whiplash
group (60 per cent compared with 5
per cent) suggests that this manoeuvre
increased stress on injured cervical
and/or thoracic tissues.
With the addition of cervical flexion
to the slumped position, all posterior
spinal structures are placed under
flexion load. The predominant
response for both groups was mid-
thoracic pain (57.5 per cent in the
control group and 75 per cent in the
whiplash group) with no significant.
difference between the groups. WhIle
the response to the slump test has not
been investigated previously in a group
of whiplash subjects, this response is
consistent with previous research
investigating the normal response in
asymptomatic subjects (Maitland
1980). It is not surprising that all
whiplash subjects reported an incr~ase
in cervical symptoms, but the findmg
that both control and whiplash groups
reported a mid-thoracic response
suggests the mid-thoracic response in
the whiplash group is part of the
normal response to this posteriorly
applied stress. It is not possible at this
stage to implicate any specific tissue as
the source of the mid-thoracic
symptoms reported by both groups.
However, Butler (1991) has suggested
that the increased response in the mid-
thoracic region may be from neural
system tissues. Minimum elongation of
the spinal dura mater along the walls of
the vertebral canal has been reported
to occur in the relatively immobile
thoracic kyphotic region (Louis 1981).
This may account for a focus of neural
system stress, and hence symptoms, at
this point. However it may also be that
symptoms felt in the mid-thoracic
region are the result of soft tissues
(neural and non-neural) being
stretched over the thoracic kyphosis
with the apex of the thoracic curve
corresponding to the region of
symptom response. Lew et al (1994) .
investigated spinal cord neurodynaffilcs
in five fresh baboon cadavers. Testing
was performed in the prone position
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contributing to tension transmission in
the slump test. While the significantly
less fixed neural system is the more
likely candidate for tension
transmission with movement between
remote body segments, further
research is clearly needed to clarify the
contribution of different tissues to
tension transmission in normal and
pathological states.
The increase in intensity of cervical
symptoms with knee extension in all 20
subjects of the whiplash group further
supports the hypothesis that tension is
transmitted in this manoeuvre. It may
be that the normal mechanism of
tension transmission that operates in
asymptomatic subjects is now stressing
injured cervical neural system or non-
neural system tissues. The normal
stress occurring with knee extension in
the full slump position may also have
been sufficient to elicit cervical muscle
activity resulting in cervical symptoms.
While Lew (1988) showed that neck
flexion and extension in the full slump
position had no effect on the mean
rectified electromyographic score in
the biceps femoris muscle of 20
asymptomatic subjects, the relationship
between muscle activity and movement
of remote body segments has not been
studied in symptomatic whiplash
subjects. However, a connective tissue
bridge has been shown to exist
between rectus capitus posterior minor
and the posterior atlanto-occipital
membrane-spinal dura complex (Hack
et al 1995). Therefore, tension
transmission between this subocciptal
muscle-dural connection and/or reflex
activation of cervical musculature also
must be entertained as further
plausible mechanisms for the increased
cervical symptoms with the addition of
knee extension.
The decreased incidence of response
in the posterior thigh observed in the
subjects of the whiplash group in this
study may have been due to the
reproduction of the subjects' cervical
symptoms with the addition of knee
extension. This reproduction of
symptoms may have limited the range
of knee extension achieved in these
subjects, thereby reducing the stress
imparted to local posterior thigh
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neural or non-neural tissues most
likely responsible for the normal
posterior leg symptoms.
The addition of ankle dorsiflexion to
the full slump position has been shown
to produce a stretch or pain over the
posterior thigh, knee and calf regions
in asymptomatic subjects (Butler 1991,
Maitland 1980), and as with knee
extension, stretch or pain in the mid-
thoracic region has also been reported
as normal (Maitland 1980). In this
study, the addition of ankle
dorsiflexion produced a similar
response in the mid-thoracic and
posterior thigh areas, as was found
with knee extension. However, while
the increase in cervical pain reported
with the addition of left ankle
dorsiflexion was significantly greater in
the whiplash group (17 out of 20
whiplash subjects compared with three
out of40 control subjects), no
significant difference was found for
right ankle dorsiflexion.
It is difficult to account for the
finding that there was a significant
difference in the reported incidence of
increased cervical pain between
whiplash and control groups for left
ankle dorsiflexion but not right. While
17 of the 20 whiplash subjects reported
an increase in cervical pain with left
ankle dorsiflexion, only five reported
increased cervical pain on the right, the
remaining 15 reporting no change. A
limitation of the study's design was a
failure to randomise the order of left
and right test components. Since left
knee extension and then left ankle
dorsiflexion were always performed
first followed by right knee extension
and then right ankle dorsiflexion, it is
possible that by the time the last
component, right ankle dorsiflexion,
wasadded,alevelofaccommodation
had occurred accounting for the
response of "no change" in the
majority of whiplash subjects. The
range of ankle dorsiflexion achieved by
subjects was not measured and
therefore it is also possible that
subjects were not taking their right
ankle to the same range of dorsiflexion
for this final test component, thereby
placing less stress on the
neuromuscular system. Clearly, further
investigation with these variables
controlled is needed. Nevertheless, an
increase in comparable neck symptoms
with the addition of three of the four
test components some distance away
from the symptom site is a strong
indication that the neural system is
likely to be involved through a
mechanism of neurodynamic tension
transmission to neural and/or non-
neural cervico-thoracic structures.
Although both groups showed an
increase in knee extension with the
release of neck flexion, the available
range of knee extension measured in
the two positions (full slump position
and after the release of cervical flexion)
was significantly less in the whiplash
group compared with the control
group.
In addition to pathological changes
being mechanically affected by tension
transmission, the subjects in the
whiplash group may well be expected
to have other pathological mechanisms
contributing to their symptom
response, such as altered central
nervous system processing (Coderre et
aI1993), altered sympathetic and
motor output (Cousins 1994) and
perhaps psychological input related to
the accident (McFarlane 1994). The
presence of these or other
neurobiological mechanisms operating
pathologically in the whiplash group
was not evaluated in this study.
Conclusion
An increase in cervical symptoms was
reported in all 20 subjects of the
whiplash group with the addition of
knee extension and left ankle
dorsiflexion components to the slump
test. The available range of knee
extension measured in the full slump
position and after the release of
cervical flexion was significantly less in
the whiplash group compared with the
control group. Together, these
findings suggest that neural system
tissues (ie neural conducting tissues
and their associated connective tissue
coverings and supporting structures)
are involved in the slump test in
transmitting tension to injured cervico-
-
-
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thoracic neural and/or non-neural
tissues.
While further investigation is clearly
needed, this study reinforces the
clinical value of the slump test in the
examination of patients with symptoms
arising from the cervical spine. It
should be carefully examined routinely
in all spinal disorders and especially
those which indicate the possibility of
neural system involvement.
References
Barnsley L, Lord Sand Bogduk N (1994): Clinical
review: whiplash injury. Pain 58: 283-307.
Bogduk N (1994): Pathomechanics of whiplash.
Proceedings of New Concepts in Whiplash
Symposium. Adelaide, pp. 9-41.
BreigA(1978): Adverse Mechanical Tension in the
Central Nervous System. Stockholm:
AImqvist and Wiksell.
Breig A and Marions 0 (1963): Biomechanics of
the lumbosacral nerve roots. Acta Rudiologica
1: 1141-1161.
Breig A and Troup JDG (1979): Biomechanical
considerations in the straight leg raising test.
Spine 4: 242-250.
Butler DS and Gifford L (1989): The concept of
adverse mechanical tension in the nervous
system. Physiotherapy 75: 622-636.
Butler DS (1991): Mobilisation of the Nervous
System. Edinburgh: Churchill Livingstone.
Coderre TJ, KatzJ, Vaccarino AL and Melzack R
(1993): Contributionofcentralneuroplasticity
to pathological pain: review 01' clinical and
experimental evidence. Pain 52: 259-285.
Cousins M (1994): Acute and postoperative pain.
In Wall PD and Melzack R (Eds): Textbook
of Pain. (3rd ed.). New Yorlc Churchill
Livingstone, pp. 357-385.
ORIGINAl ARTIClE
GebhardJS, Donaldson DH and BrownCW(1994):
Soft tissue injuries of the cervical spine.
Orthopaedic Review (Suppl): 9-17.
Hack GD, Koritzer RT, Robinson WL, Hallgren
RC and Greenman PE (1995): Anatomic
relation between the rectus capitus posterior
minor muscle and the dura mater. Spine
20: 2484-2486.
Lew PC, Morrow CJ and Lew AM (1994): The
effect of neck and leg flexion and their
sequence on the lumbar spinal cord.
Implications in low back pain and sciatica.
Spine 19: 2421-2425.
Lew PC (1988): The slump test: A possible
differentiation test. Proceedings of
International Federation of Orthopaedic
Manipulative Therapists Congress,
Cambridge, pp. 33-34.
Louis R (1981): Vertebroradicular and
vertebromeduIIardynamics.Anatomica Clinica
3: 1-11.
Lundborg G (1988): Nerve Injury and Repair.
Edinburgh: ChurchchiIl Livingstone.
McFarlane S (1994): "Whiplash" - psycheorsoma?
Proceedings of New Concepts in Whiplash
Symposium. Adelaide, pp. 89-98.
McKenzieJAand WiIIiamsJF(1971): The dynamic
behaviourofthe head and cervicalspine during
whiplash. Journal ofBiomechanics 4: 477-490.
Maitland GD (1980): Movement of pain-sensitive
structures in the vertebral canal in a group of
physiotherapy students. SouthAfricanJournal
ofPhysiotherapy 36: 4-12.
Phillip K, Lew P and Matyas T A (1989): The
intertherapist reliability of the slump test.
AustralianJournal ofPhysiotherapy 35: 89-94.
Raynor RB and Koplik B (1985): Cervical cord
trauma - the relationship between clinical
syndromes and force of injury. Spine
10: 193-197.
AUSTRAliAN PHYSIOTHERAPY
Rossitri S (1993): Biomechanics of the pons-cord
tract and its enveloping structures: an
overview. Acta Neurochirurgica 124: 144-152.
Ryan GA (1990): Cervical spine injuries in car
occupants. Automotive Engineering and
Litigation Series 4: 1-27.
ShacklockM (1995): Neurodynamics. Physiotherapy
81: 9-16.
Sunderland S (1974): Meningeal-neural relations
in the intervertebral foramen. Journal of
Neurosurgery 40: 756-763.
Taylor G (1994): Crash related factors and injury
severity. Proceedings of New Concepts in
Whiplash Symposium. Adelaide, pp. 50-56.
Troup JDG (1986): Biomechanics of the lumbar
spinal canal. Clinical Biomechanics 1: 31-43.
Vleeming A, Pool-Goudzwaard AL, Stoeckart R,
van Wingerden JP and Snijders CJ (1995):
The posterior layer of the thoracolumbar
fascia. Its function in load transfer from spine
to legs. Spine 20: 753-758.
Vleeming A, Pool-Goudzwaard AL,
Hamrnudoghlu D, Stoeckart R, Snijders CJ
and Mens JMA (1996): The function of the
longdorsal sacroiliacligament; its implication
for understanding low back pain. Spine
21: 556-562.
Yoganandan N, Haffner M, Maiman DJ, Nichols
H, Pintar FA,JentzenJ, Weinshel SS, Larson
SJ and Sances A (1989): Epidemiology and
injury biomechanics ofmotorvehide related
trauma to the human spine. Proceedings of
Stapp Car Crash Conference. Warrendale,
pp.223-242.
